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INTRODUCTION 
This paper will review and compare the principles of operation of the scanning acoustic 
microscope and the focused C-scan imaging system. We will show that with phase measurement 
ability, both instruments are capable of inspecting electronic packages for disbonds, cracks, and 
other defects given. We will also show that the resolution and defect detection sensitivity of both 
instruments is limited by the attenuation of the sound wave in the package. 
Ultrasonic inspection is ideally suited for the inspection of electronic packages for dis-
bonds, breaks, porosity, water saturation, and cracks. Ultrasonic waves penetrate into solids and 
are totally reflected by air. Thus, ultrasonic methods are superior to optical methods where light 
does not penetrate inside samples, and to X-ray methods because X-rays suffer little absorption 
when propagating through thin cracks. 
Another advantage of using ultrasonic waves is due to the fact that the sound velocity of 
most materials is about 5 orders of magnitude smaller that the speed of light. Thus, it is possible 
to obtain the same resolution as in an optical instrument at a frequency that is 5 orders of magni-
tude lower than the frequency of light. However, due to sound attenuation, it is not possible to in-
crease the frequency at will. 
This paper will discuss the principles of operation of the scanning acoustic microscope and 
the C-scan imaging systems, their resolution, strength and limitations. We will show results of 
measurements of the attenuation of sound as a function of frequency in an electronic package, and 
show images of various types of defects in these packages. 
SCANNING ACOUSTIC MICROSCOPE 
The most common configuration is the reflection type scanning acoustic microscope 
(SAM), shown in Fig. I [1,2]. A piezoelectric material is attached to the flat end of a buffer rod 
and excites a plane wave ultrasonic beam into the buffer rod. The other end of that rod has a 
spherical or cylindrical lens which focuses the sound beam which is transmitted into the fluid. An 
electrical tone burst excites the transducer, thus transmitting a packet of ultrasonic energy which is 
focused by the lens to a diffraction-limited spot. A portion of the ultrasonic signal is reflected by 
the sample and propagated back through the lens and onto the transducer where it generates an 
electrical signal which is collected by the receiving electronics. 
The return signal's amplitude and/or phase is collected and used to modulate the in-
tensity of the display on the monitor at a location corresponding to the location of the focal 
spot over the sample. By scanning either the transducer or the object, an acoustic image of the 
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Fig. 1. Schematic diagram of a transducer-lens system for a scanning acoustic microscope 
(courtesy of C. F. Quate, Stanford University). 
sample is formed on the display monitor. Typical scanning speeds are 20-30 sec/frame for op-
erating in the frequency range of .1-2 GHz, and for a field a view of up to .5 x.5 mm. For 
lower frequency operation, a field of 5 x 5 cm is imaged in a few minutes. 
Variations in the local mechanical properties of a sample or changes in the location of the 
surface with respect to the focus of the lens cause changes in the amplitude and phase of the re-
flected signal and appear as contrasted features in the image. Local variations can be induced by 
changes in orientation of a material, by the presence of a different material, or by defects at or be-
low the surface of the sample. 
Unlike optical microscopes, SAM images show new features and do not blur as a lens is 
brought closer to a sample. This enhanced imaging capability is due to the physical interactions 
that take place between the ultrasonic field and the sample. As the lens is defocused, other modes 
of propagation, such as leaky surface waves, are propagated on the surface of the sample and leak 
energy back into the transducer. Thus the signal received is made of the interference between the 
specular reflection from the surface of the sample and the mode converted leaky surface wave. If 
there are defects in the sample, some of the energy that is propagated into the sample is reflected 
back and received by the transducer, because both longitudinal and shear waves are transmitted 
into the sample, the received signal can also contain components of these reflections. Therefore 
overall, four types of acoustic signal paths contribute signals at the transducer, and a variation in 
any of these signals changes the image. 
SAM AND TIffi FOCUSED C-SCAN: SIMll.ARITIES AND DIFFERENCES 
Focused C-scan imaging systems are often referred to as acoustic microscopes, but 
although there are many common features, there are many differences as well, both in operation 
and in areas of application. 
A schematic of a focused C-scan imaging system is shown in Fig. 2. A focused trans-
ducer is excited with a broadband pulse, typically a half cycle at the frequency of operation, and 
the focus of the transducer is placed below the surface of the sample at a plane where the defects 
are to be imaged. The preferred transducer has a broad bandwidth and short impulse response to 
separate in time the reflections from the interface from the reflection from within the sample. The 
surface of the sample and the near-surface region corresponding to the pulse duration are not in-
spected by this technique and are known as "the dead rone." To image other planes within the 
1180 
-------"'r--I'.&..- Specimen surface 
--Transmitted waves 
________ .... ;......_Acoustic focal plane 
inside of specimen 
+ Surface 
reflected 
waves 
Input 
signals 1f 
Gate signal 
• Time 
Fig. 2. Schematic diagram depicting the operation of a focused C-scan imaging system 
(courtesy of Olympus Corporation). 
sample, the location of the focus is changed, and the sample is scanned again. The peak amplitude 
of the return echo modulates the intensity of the display monitor where the image is shown. 
Alternately, several gates are used to measure the return signal at different locations, enabling 
imaging at more than one plane at a time. Yet another variation monitors the amplitude and time 
delay of the return signal from the back side of the sample, thereby generating a velocity map of 
the sample, together with an image of total attenuation along the path of propagation. 
Thus differences between the C-scan and SAM are evident. The usual excitation of one is 
broadband (C-scan). and of the other (SAM) is narrowband. The transducer for one has a lens 
with a low F-number in order to enhance penetration into the sample (C-scan), whereas for the 
SAM the F-number is low in order to excite surface waves on the sample and obtain the smallest 
focal spot for surface imaging. The domain of inspection of the C-scan system is the bulk of a 
sample, whereas the SAM does most of the work near the surface of the sample. Lastly. in a 
C-scan system. the longitudinal or shear wave is detected and interrogated for the presence of a 
defect. In a SAM, the detected signal is comprised of several components: the specular reflection, 
a mode converted surface wave (or any near-surface mode that is allowed). and a possible reflec-
tion from a longitudinal or shear wave excited within the sample. These waves result in several 
pulses which interfere to give the final signal. 
It is also possible to defocus a transducer enough to temporally separate the specular re-
flection from the surface wave reflection. This was first used in an acoustic microscope in the 
work of Liang et al [3,4] to make quantitative measurements of step heights and residual stress 
variations. Later work by Yamanaka [5] used this phenomenon in a pulse mode excited system, 
rather like the C-scan, to measure variations of surface wave velocity in ceramic samples. 
Gilmore et al. [6] used the surface wave signal alone to image surfaces of samples for defects at or 
near the surface of samples in a standard C-scan system; the spot size is about 0.2 A. at the 3 dB 
points because the surface wave is incident from a full circle around the focal spot. These various 
methods of using the instruments and processing the electrical signals indicate major strengths of 
the technology and its adaptability for different types of problems. 
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APPLICATION TO ELECTRONIC PACKAGING INSPECTION 
We use an acoustic microscope operating in the frequency range of 1-150 MHz, capable 
of measuring amplitude and phase to evaluate defects in electronic packages. Recent C-scan in-
struments are capable of measuring the polarity of the return pulses, corresponding to a phase shift 
of 1800 . Thus, these instruments can show a disbond very clearly because the phase of the re-
turn echo changes by 1800 upon reflection from an epoxy-air instead of an epoxy-silicon inter-
face. Our instrument operates at a single frequency and is capable of measuring the phase of the 
return pulse with a resolution of 10. Thus, not only is a disbond indicated clearly, but also de-
fects that result in less than 1800 phase shifts, such as tilts of the silicon die and thin layers of wa-
ter between metal traces and the epoxy package. We focus the instrument at the level of the silicon 
die, and use a tone burst at a ftxed frequency to carry: out the test. In this fashion, our set-up is 
similar to a C-scan system, but with a tone burst instead of broadband excitation, and with a full 
phase measurement ability. The samples were provided to us by a major manufacturer of Ie 
chips, and we show both amplitude and phase images taken from both the top and bottom sides of 
the packages. 
I-ATTENUATION - We measured the attenuation of a typical epoxy package material in 
order to determine the optimum frequency of operation. Figure 3 is a result of such a measure-
ment which shows an attenuation of about 40 dBs/cm at a frequency of 15 MHz. This very 
high attenuation is due to the loading of the epoxy with glass beads or ftbers. The major effect of 
the attenuation is to limit the frequency of operation to 10-20 MHz where a reasonable signal-to-
noise ratio is available for good imaging performance. When a high-frequency broadband excita-
tion is used, the attenuation in the package acts as a low pass filter so that resolution correspond-
ing to low-frequency operation is achieved. Figure 4 shows how the frequency response of a 
transducer is reduced after passage through the epoxy die. A transducer with a center frequency 
of 25 MHz has its peak response reduced to a frequency of 15 MHz. Thus, the resolution of 
the measurement corresponds to that of a 15 MHz and not a 25 MHz transducer. If the pack-
ages could be "designed for inspection" and made out of a material with less attenuation, then the 
inspection of electronic packages could be a lot simpler. 
2-MEASUREMENTS - Figures 5 through 10 show images of the front and back sides of 
a packages. The field of view is 20 x 24 mm, the frequency of operation is 16 MHz , and 
the F-number = 2, corresponding to a focal spot size of about 200 11m. The lens is defocused 
(brought closer to the sample) by 4.5 mm to allow focusing at the die. The instrument and im-
age parameters listed above were used in all the measurements. 
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Fig. 3. Schematic measured attenuation of a typical glass-loaded epoxy package sample. 
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Fig. 4. Schematic calculation demonstration of the frequency shift of a 25 MHz pulse after 
propagating through an IC package. 
Fig. 5. Schematic front face amplitude and phase images of an electronic package that failed 
because of water absorption. 
Figure 5 shows amplitude and phase images taken from the front side of one sample. The 
Kapton strip used to hold the metal lines is clearly seen in all the front side images. Changes in 
contrast from trace to trace and along the same trace are clearly visible in both amplitude and phase 
pictures, where full scale in the phase image is 90°. We predict that the traces are not at the same 
level, and that the package is porous and soaked with water. The presence of water between the 
traces and the epoxy can lead to amplitude and phase changes that depend on the thickness of the 
gap. Also, the phase change across the silicon chip indicates that it is tilted with respect to the 
case, and the changing contrast around the edges of the chip shows the pedestal on which it is 
placed prior to encapsulation. Figure 6 shows images of the back side of the wafer, which indi-
cates the same type of problems due to water absorption. Regions where the traces are almost in-
visible indicate reduction in the signal due to increased attenuation. 
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Fig. 6. Schematic back face amplitude and phase images of the package of Fig. 5. 
Fig. 7. Schematic front face amplitude and phase images of an electronic package that failed 
because of mechanical disbonding. 
Figures 7 and 8 show amplitude and phase images of the front and back side of another 
package, respectively. Again, similar problems to those encountered in the previous example are 
seen. The most notable difference is in the back side image, which shows a circular disbond. 
Note that the disbond is more clearly seen and interpreted in the phase image where the full scale is 
now 1800 • We do not know at the moment the exact details of the packaging of the device to be 
able to interpret the reason for the presence of the circular feature in the back side image. 
Figure 9 shows amplitude and phase images of another type of package. The sample was not de-
fective and the metal traces and bond pads are clearly seen. The field of view is 21 mm x 16 mm 
and the frequency of operation is 20 MHz with the same F-number=2 transducer we used ear-
lier. The sample was less attenuating, allowing us to operate at higher frequency. Figure 10 
shows pictures of a similar sample which is defective. It is possible to see in the pictures that 
some of the bonding pads are touching, which resulted in the shorting problems encountered in 
these devices. In both Figs. 9 and 10, the phase images are quite messy and add no further in-
formation about the packages. 
CONCLUSIONS 
Acoustic microscopy or C-scan imaging are essential for the evaluation of electronic pack-
aging problems. Attenuation in the package limits the frequency of operation and thus the resolu-
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Fig. 8. Schematic back face amplitude and phase images of the package of Fig. 7. 
Fig. 9. Schematic amplitude and phase images of a good electronic package. 
Fig. 10. Schematic amplitude and phase images of a defective electronic package of the type 
shown in Fig. 9. 
1185 
tion of either instrument. Full disbonds, sample tilts, and changes in signal due to water logging 
of packages are easily measured. The samples measured did not show evidence of cracking in the 
packages. Image processing to enhance the measurements was not used because the samples were 
so obviously flawed. 
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